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ABSTRACT: The water relations play a fundamental role in seed biology. Thus, the purpose of the
present paper was to analyze the performance of water status in seed development and germination. The
resear ches have suggested that the water potential of the seed or seed structures provides a better
indicator of the seed water status than water content. The seed water status plays a regulatory role in
seed development and germination.
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RELACOESHIDRICASNA BIOLOGIA DA SEMENTE

RESUMO: As relagdes hidricas exercem um importante papel na biologia da semente. Desta forma, o
presente trabalho objetivou apresentar uma analise do comportamento do estado da agua no
desenvolvimento e na germinacdo da semente. As pesquisas mostram que o potencial hidrico da semente
ou de suas estruturas pode constituir-se num indicador mais eficiente do estado da agua do que o teor de
agua e que este estado apresenta um papel regulador no desenvolvimento e na germinacédo de sementes.

Descritores: estado da agua, tipos de agua, potencial hidrico

INTRODUCTION

The water relations play a fundamental role
in the comprehension of seed biology, particularly in
development and germination processes.

For orthodox species the desiccation period
isanormal eventin embryo development leadingtoa
quiescent metabolism status that is placed between
development and germination. The desiccation,
however, isnot aprerequisitefor the beginning of the
germination and growth processes since the embryo
may become capable of performing its role in
germination before the end of the seed development.
On the other hand, in recalcitrant species seeds may
go from the devel opment to germinative stage without
the quiescence period (Kermode, 1995).

Recent researches have pointed how gene
expression programs, synthesis and perception to
abscisic acid and seed water status are intricately
interwoven in determining the course of seed
devel opment and germination.

The sequence of changesin seed water content
has become a relatively efficient parameter in the
characterization of the seed development and is often
employed in the determination of the physiological
maturity. Nonetheless, this has been proved

inadequate to indicate the physiological water status
during seed development once it fails to provide
information on the availability of water or its energy
status.

In view of the significance of the water
relationsin seed biology the target of this paper isto
present an analysis of the behavior of water statuson
seed devel opment and germination.

THEWATERPOTENTIAL AND
HYDRATIONLEVELS

The seed water may be characterized by an
energy status and is likely to be determined through
the potential energy. Such energy status is
conveniently described by the total water potential
which, in the form of energy per volume unit, can be
expressed in pressure measurement units (Villela et
al.,1991)

The Second Law of Thermodynamics
establishes that a water system can only
spontaneously evolveto astatusin which the decrease
of Gibbs' free energy occurs. Thus, the total water
potential allows the verification of whether a system
is or is not water-balanced as well as to predict the
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orientation of the spontaneous water flow towards
potential water decrease (L abouriau, 1983; Salisbury
& Ross, 1992).

An overall approach of the phenomena
comprising soil, seed, and atmosphere water demands
that according to the superposition principle, the
measurement of the water potential has to be an
additive function of several terms, each one
representing one type of interaction among water
molecules and other constituents. Thisway, the seed
water potential can be expressed by the sum of
osmotic, matric and pressure potentials.

In normal atmospheric pressure environments
the osmotic potential of water in the seed is always
negative in view of the solutes as well as the matric
potential, because of the colloidsfound in seed cells.
As a consequence, the total water potential of the
seed and seed structuresis always negative.

The superficial properties of the
macromolecules, particularly the proteins for their
physiologicd attribute, aremodified by thewater level
(Labouriau, 1983). Discrete changesinthemetabolic
activity of seeds according to the water content are
likely to be associated to discrete changes in the
physical properties of water (Vertucci & Farrant,
1995).

Considering the multiple macromol eculewater
sorption sitesmodel, Vertucci (1993) and Vertucci &
Farrant (1995) describe five types of seed water and
corresponding potential interval and water content
according to the molecule mobility and phase
properties (TABLE 1).

The water removal from a cell increases the
concentration of solutes and therefore causes an
eventual flow decrease of the fluidity of the agqueous
medium thus affecting the cell metabolic status.

TABLE 1- Water types, water potentialsand water contentsin seeds (Adapted from Vertucci, 1993 and Vertucci

& Farrant, 1995).

Water Type Water Potential Water content (%)
(M Pa) dwbt! fwb?
Typel <-150 <80 <75
Type 2 -150 to - 11 80-25 75-20
Type 3 -11to -4 25-45 20-33
Type 4 -41t0-15 45-70 33-41
Type 5 >-15 >70 > 41

1 dwb is water content on a dry weight basis
2fwb iswater content on a fresh weight basis

Hence, several studieshave suggested the association
between critical water content levels and discrete
changesin the metabolic activity.

SEED WATER STATUSDURING SEED
DEVELOPMENT AND GERMINATION

The seed water content after fertilization is
typically high and decreases as seed development
occursuntil the physiological maturity. Theduration
of the development phase and respective decreasein
water content dependson the species, cultivar, current
environment, and plant development stage. After the
physiological maturity, the decline of the seed water
content goes on, often in a more accelerated way,
until it beginsto oscillateaccording totherelativeair
humidity when the harvest is not performed in
advance.

The hydration of mature, dry, and
nondormant seeds establishes the beginning of the
germination process when the seed isin afavorable

environment, with the reactivation of the metabolic
system and synthesis of new compounds (Labouriau,
1983). This fact emphasizes that the desiccation
exerts influence on the redirection of the cell
metabolism, from the development program to the
germination and growth program (Kermode, 1995).
The seed water content in the recovering of the
embryo growth varies more evidently among species,
asseenon TABLE 2 for maize, soybeans and wheat.
However, the values found are verified to be similar
to those of the physiological maturity.

Onemust emphasizethat along theimbibition
process the embryo/embryonic axis absorbs water at
a speed higher than that of the reservetissue. Thus,
different seed structuresmay vary asto water content.
Under a given environment, seeds with prevailing
cotyledonal reserves have a higher water content in
the embryonic axis in relation to the cotyledon and
the endosperm ones, higher inthe embryo thanin the
endosperm, as shown in TABLE 3, in soybean and
maize seeds.
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TABLE 2 - Seed water status at physiological maturity and the germination (radicle
protrusion) for maize, soybean and wheat. (Adapted from Egli & TeKrony,

Physiological Maturity Germination
Species Water Content Water Potential? Water Content? Water Potential?
(%) (M Pa) (%) (M Pa)
Maize 37.7 -161 33.2 -2.20
Soybean 59.0 -152 51.4 -2.07
Wheat 43.7 - 1.66 345 -2.20

1 Water Content of whole seeds on a fresh weight basis

2 Water potential of embryo (maize and wheat) or embryonic axis (soybean)

TABLE 3 - Water content of maize seed structures
(embryo, endosperm, and whol e seed)
and soybean seed structures (embry-
onic axes, cotyledons, and whol e seeds)
in germination (radicle protrusion).
(Adapted from McDonald et al. 1988,

1994).
Water Content (%)*
Seed Structures Soybean Maize
Embryonic axes’embryo 70-80 50-55
Cotyledon/endosperm 55-60 25-30
Whole seed 60-65 30-35

1 fwhb iswater content on a fresh weight basis.

The water potential of the embryo/
embryonic axisremainsrelatively constant along a
great deal of the seedfilling period, decreasesrapidly
with the approach of the physiological maturity
and then continues to decline according to the
environment and physical barriers to the seed
water movement to the surrounding air (Saab &
Obendarf, 1989; Westgate, 1994; Egli & Tekrony,
1997).

During imbibition, the water potential -
low at first - rapidly increases as the seed water
content raises and reaches a certain level in early
germination (radicle protrusion). In addition, it
shows dlight differences in water potential in the
embryo/embryonic axis among species (Egli &
Teknony, 1997).

The similar water potential of the embryo
and embryonic axis among species at the
physiological maturity and early germination, as
shownin Table 2, suggeststhat the water status can
play a regulator role in seed development and
germination, according to Bradford (1994), Kermode
(1995) and Egli & Tekrony (1997).

CONCLUSIONS

The researches have shown that the water
potential of seeds or seed structures can constitute a
more efficient indicator of water status than water
content and that this status plays a regulator role in
seed devel opment and germination.

REFERENCES

BRADFORD, K.J. Waters tress and the water relations of
seed development: a critical review. Crop Science.
n.34, p.1-11, 1994.

EGLI, D.B.; TEKRONY, D.M. Species differences in seed
water status during seed maturation and germination.
Seed Science Research, n.7, p.3-11, 1997.

KERMODE, A.R. Regulatory mechanisms in the transition
from seed development to germination: interactions
between the embryos and the seed environment. In:
KIGEL, J.; GALILI, G. (Ed.) Seed development and
germination. New York: Marcel Dekker, 1995.
p.273-332.

LABOURIAU, L.G. A germinacdo das sementes.
Washington: OEA, 1983. 174 p.

McDONALD, M.B. Jr.; VERTUCCI, C.W.; ROOS, E.E.
Soybean seed imbibition: water absorption by seed
parts. Crop Science, n.28, p.993-997, 1988.

McDONALD, M.B. Jr.; SULLIVAN, J.; LAUER, M.J.
The pathway of water uptake in maize seeds. Seed
Science & Technology, n.22, p.79-90, 1994.

SAAB, |.N.; OBENDORF, R.L. Soybean seed water
relations during in situ and in vitro growth and
maturation. Plant Physiology.v. 89, p. 610-616, 1989.

Sci. agric., Piracicaba, 55(Numero Especial), p.98-101, agosto 1998



F.A.VILLELA 101

SALISBURY, F.B.; ROSS, C.W. Plant Physiology.
Belmont: Wadsworth, 1992. 682 p.

VERTUCCI, C.W. Predicting the optimum storage
conditions for seeds using thermodynamic principles.
Journal Seed Research, v.17, n.2, p.41-53, 1993.

VERTUCCI, C.W.; FARRANT, JM. Acquisition and loss
of desiccation tolerance. In: KIGEL, J.; GALILI, G.
(Ed.). Seed development and germination. New
York: Marcel Dekker, 1995. p.237-271.

VILLELA, FA.; DONI FILHO, L.; SEQUEIRA, E.L.
Tabela de potencial osmoético em fungdo da
concentracdo de polietileno glicol 6000 e da
temperatura. Pesquisa Agropecuaria Brasileira,
V.26, n.11/12, p.1957-1968, 1991.

WESTGATE, M.E. Water status and development of
the maize endosperm and embryo during drought.
Crop Science, v.34, p.76-83, 1994.

Recebido para publicagdo em 15/07/98
Aceito para publicacdo em 03/08/98

Sci. agric., Piracicaba, 55(Numero Especial), p.98-101, agosto 1998



